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It is possible to improve the mode of mining operations and accelerate commissioning of the 
open pit by changing the shape of its wall from solid to stepped. But within the framework of 
stage-by-stage development, keeping the pillars on the wall leads, as it was said before, to 
decrease intensity of mining operations with the possibility of interruption of mining operations. 
The task, therefore, is to find a stepped wall design containing ideally no inactive sections. In 
practice it means mining in steep sections of the wall, which in a classical stage-by-stage 
development were targets with a long stagnation period. 


Recently, in the practice of production and design there has been a tendency to increase the angle 
of slope of the working side of the quarry. This is achieved in the following ways (Fig. 1): 


1) stage-by-stage mining (in the descending order, 1.e. "chipping") of the steep section of the 
working face with one or both flanks when using motor transport (Fig.l, a), the angle of 
slope of the face at this section can reach 45-50° [1, 2]; 


2) explosive-mechanized mining of rock mass from the group of overlying benches to the 
general transport horizon (Fig. 1, 6), the angle of slope of the side at the site of the feeding is 
40-45 ° [3,4]; 

3) mining, massif by high (more than 20-40 m) ledges, using excavation equipment with large 


working parameters (Fig. 1, B), the angle of slope of the wall reaches here 35-40 ° [5,6]; 


4) dynamic grouping of benches in the working zone with their periodic doubling and stacking 
(Fig. 1, r), due to which the angle of slope in the grouping area reaches 30-35° [7,8]. 
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Fig. 1. Schemes of mining the steep pit wall 


Let's find out what effect the movement of the steep shoulder (pillar) towards the final contour of 
the pit has on mining operations. To do this, let's consider the dynamics of development of the 
shoulder in the area of the lowest pillar. The research is carried out, as above, on graph-analytical 
model of cross-section profile of the deposit (fig. 2). 


Fig. 2 shows the position when the mining operations from the second incision in the slope 
descended to the rock pillar (point K). 


Fig. 2. Pit wall development above the deposit during cascade mining 


1 - ore body; 2 and 4 - working board under and over the pillar; 3 - pillar; 5,5’ and 5” - positions 
of the board after pillar spreading; 6,6',6”, 7’ and 7” - pillar offset lines. 


Up to this point, the formation of the target with vertical velocity hg took place. At the moment 
when both cuts were connected, the height of the target was Hy wax- 


In case of classic stage-by-stage mining, the formation of the pillar will continue according to the 
same scheme up to the top of the ore body (point 0). At the same time, the pillar will continue to 
move with vertical speed h,. Under the condition of compulsory skimming of the pillar over the 
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top of the ore body, both gently sloping steps of the flank should merge at the same point 0. A 
different picture will be observed if additional equipment is introduced into the steep part of the 
flank after the two tie-ins at point K and the former pillar is moved at horizontal speed Ie. In this 
case the lower edge of the pillar would be lowered on the ore body (to 0 point) by 6’ line and the 
upper one - by 7’ line at the position of merged working flank 5’. As a result, an additional strip 
of ore body of l’width will be exposed. With the same rate of deepening to the ore h; the 
required speeds of forming and displacement of the moving pillar would decrease respectively to 


the values ie and he 


If you increase the speed of moving the pillar even more (up to the value of i), the positive 
effect increases. Then the lower and upper edges of the pillar will move to the deposit along the 
lines 6” and 7" to the point 0, respectively. The strip of ore of width 1)’, much larger than 1’, will 
open up. The working board will take the 5" position. The required target spreading speeds will 


decrease even more (to hg. and Bh respectively). If we leave the spreading rate unchanged, it is 


possible to increase the intensity of mining under the pillar, including in the ore zone, if 
necessary. 


The identified features of wall development will be common to the entire system of moving 
pillars on the stepped wall of the open pit. The increase in ore reserves is achieved by moving the 
pillars toward the limiting contour. Creation of an additional controllable link of shifting pillars 
provides more flexible management of working zone parameters. 


The considered procedure of field development is a variation of stage-by-stage development and, 
unlike its classical variant, can be called cascade development. Here, the steep sections of the 
slope remain temporarily inactive only until the slope of the adjacent trenches is bridged. After 
the mining works of the upper gently sloping stage approach to any pillar, it starts working along 
the front simultaneously with the spread. The pillar (with a decrease in its height) moves along 
the slip lines, approaching to the roof of the ore body and to the limiting contour of the open pit. 
Accordingly, such a pillar can be called a sliding pillar as part of cascade mining. 


Let's derive calculation formulas for cascade development, using the methods used for similar 
purposes when describing conventional stage-by-stage development. 


The dependence of the required speed of moving the pillar. 1? from the preset rate of ore 
deepening h;. is expressed by the formula 


, m/year, (1) 


L; sin a,esin(B3—-y1 
where a,- angle of occurrence, deg; y,1- angle of working side under the pillar, deg; 6;- angle of 
pillar slope, deg; B3- angle of lower pillar shoulder shift, deg. 


Convert this formula to find the angle: 83 


ae hresin(as“Ypr)*(ctg Bimctg Bo) nett (2) 


sin ajesin yp, °(ctg Yp,—ctg Bs 
Hence the value of the cotangent angle £3: 


hyesin(a,—Yp1)ectgB1—lé esin agesin yp, *ctg Vp, 
Xc+Hay—Humax 


ctgp, = (3) 


Formula (3) expresses the relationship between the velocity quantities. We relate the linear 
quantities to the same angle #3 through the formula 


x¢ectgas+(Hay—Aymax)*ctg By (4) 
Xct+Hey—Aymax 


ctg By = 


Where x, = 1 ¢ sina, m; l width of the incremental strip of overburden, m; Hg, - elevation of the 
cutting into the slope over the top of the ore body (on the slope of the pillar before it shifts), m; 
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Ayyax Maximum height of the pillar (at the moment of mining approach to the top edge of the 
pillar along the slope), m. 


Through the cotangent of the angle B; we dock the formulas (3 and 4) and obtain an equation 
linking the velocity and linear parameters of cascade development: 


xcectgas+(Hay—Hymax)ectgB, _ hresin(as—Yp,)ectgBi—léesin agesin yp, *ctgyp, 


ctg Bs Se as ee (5). 


Xc+Hay— Aymax h-esin( a@3—-Yp, )—leesin a,esin y, 
P1 P1 


From this equation it is not difficult to obtain explicitly (or iteratively, if we are talking about 
graphs) the dependences of the studied variables among themselves. Thus, 
_ (Hay Hymax)*(ctg Bi —ctgB2) 
a ctgB4—-ctga, ae (6) 
xXce (ctgay,—ctgB3)+Hymax® (ctgB2- ctgB4) 
Ha= ctgBz—-ctg By iat ) 
Hau (ctgB2-ctgB1)—-xc(ctgas-ctgB2) 


Faw eget SO e 


The speed of cascade development of the target P-" is related to the value of its direct horizontal 
displacement I? by the expression 


hy = ee. (sin By - sin(B} — 85) | sin(B} — 85) + sin 8) m/year. (9). 


The value of formation rate hg. can be recalculated from the vertical rate of decline along the ore 
body h; 


er hy-sin(@3-V'p1)'sin B2 
Néc -_ sin a3: sin(B2—-Vp4) ,»m/year, (10) 


or - at a known value of [7 


It follows from Fig. 2 that in cascade development the speed of formation of sliding pillar will be 
determined by height 


(ag, + a) — Ay max, and the rate of spreading - the height H,,, + X,, in contrast to conventional 
stage-by-stage mining, where the corresponding values are Hay, — Hymax and Hy. Thus, 
formation and spreading rates will be determined from the relations: in cascade stage-by-stage 
development 


ripe = XctHay al 1) 
Néce X¢+Hay— Ay max 

in the usual step-by-step development 

hy H. 

= a (12) 


hé Hay—Hy Max 


From these ratios, you can determine the unknown parameter you are looking for by varying the 
other quantities. 
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